This paper applies the concept of damage coefficients introduced in Houba and Kremers (2008) to provide an estimate of the cost of climate change -in particular the cost of changes in mean regional temperature and precipitation -to the fruit vegetation sector. We concentrate on the production of apples in the German 'Alte Land' region. The estimated cost of climate change on apple-growing in the 'Alte Land' is dependent on the assumptions regarding developments in the rentability of land not related to climate change in the fruit sector.
Introduction.
There are four main areas in Germany where the climatic conditions are favorable for growing fruit: 'Das Alte Land' under Hamburg in Lower Saxony, and regions in Saxony, Rheinland-Pfalz, and Baden-Württemberg. These favorable conditions are mainly based on the climatic conditions, i.e. on the temperature, and precipitation in these areas which lead to a favorable productivity of the soil in the orchards.
Recent developments in the regional climate threaten to bring significant changes to these areas. On the one hand, the increase in temperature observed during the last decades results in more beneficial conditions for the production of fruit, in particular apples. On the other hand, higher temperatures also attract parasites such as the apple coiler that cause a significant decrease in apple-growing.
We assume that land is used most profitably in the orchard sector where it is being used as a production factor. This might change due to climate change influences, which will have its influence on this profitability and hence on the rentability. The latter may cause farmers in the 'Alte Land' area to sell off their land for alternative purposes, or choose to grow apple species that are more resistant to the new climatic conditions, as this might prove more profitable. This paper tries to estimate the cost of climate change on apple-growing in the 'Alte Land' region in Germany. To this end, we apply the concept of damage coefficients introduced in Houba and Kremers (2008) to model the possible beneficial consequences of climate change -as foregone damages -into computable general equilibrium models. This approach allows us to distinguish between economic developments and the explicit consequences of climate change in the production sector. It is the difference between the two associated scenarios that provides an estimate for the cost of climate change in the German orchard sector. It may be obvious that this cost estimate depends to a large extent on the assumptions underlying the economic developments in the orchard sector and on the specification of the damage function.
Section 2 of this paper describes the production in the orchard sector using a simple microeconomic formulation as a production function and it includes the damage coefficients from Houba and Kremers (2008) . Section 3 estimates a possible scenario of land productivity over time which is assumed to represent the economic development in fruit production. Dependent on the assumptions underlying the economic development, we determine the influence of climate change variables, such as the regional minimal temperature during the blossoming period in spring and regional mean precipitation levels, on land productivity from the difference between the actual productivity levels and the economic productivity levels. Section 4 determines an estimate for the cost of climate change and its relation to developments in the rentability of land in the German orchard sector. Section 5 concludes.
Production in the orchard sector and climate damage.
Economics determines how to allocate scarce resources among a set of alternatives.
Scarcity implies an insufficient availability of resources to cover all. The choice for one alternative means that one foregoes any of the other alternatives, i.e. one foregoes the net cost associated with these alternatives. The (net) costs associated with the next best alternatives are referred to as the opportunity costs of the chosen alternative. When we talk of the 'costs of climate change' we refer to its opportunity costs for the economy.
To be able to compute the costs of climate change, we should state an alternative to a scenario on the development of productivity of land that includes the environmental damages related to the climate. Such an alternative scenario only consists of the economic developments, if no climate change takes place.
Hence, we have to define an economy-only scenario for the German fruit vegetation sector. The economy consists of a simple model of the German fruit production activity, being a simple production function.
Standard microeconomic theory models any production activity in the economy using a production household. Such a production household is characterized by its production function that refers to its technology and its behavior which is described by profit maximization. We refer to Varian (1992) as the standard reference on microeconomic theory and to Kemfert (1998) who estimates the substitution elasticities of production functions in Germany. A production function describes the household's production technology. It transforms units of each combination of possible input goods into an amount of the output good. Let us assume that y units of a certain output good can be produced from x i units of each input good i = 1, ..., n. A production technology can then be written as y = f (x 1 , ..., x n ), where f is a continuous function, referred to as the production function. We assume that f exhibits so-called constant returns to scale. Under this assumption, take any factor t > 0. Then, f (tx 1 , ..., tx n ) = t f (x 1 , ..., x n ), hence, multiplying all input amounts with the same factor t increases the sector's output with the same factor. Compare this with a production technology that exhibits increasing returns to scale (>) or decreasing returns to scale (<).
The combination of input and output amounts into a vector is often referred to as an input-output vector or a production vector. The producer determines the production vector as the vector that maximizes his profits. Let p 1 , ..., p n be the prices of all inputs and let p 0 define the output price, assuming good 0 is the output good. Let p denote the price vector and p -0 denote the input price vector.
Then, profit maximization comes down to determining output levels y and input levels x 1 , ..., x n on the production function f such that profits p 0 y -(p 1 x 1 + ... + p n x n ) are maximized. Notice that, under the assumption of constant returns to scale, it is not straightforward to solve this optimization problem. But, we could maximization implies that the producer will cease production, hence y = 0 is optimal. In case p 0 = c(p -0 ), then profit maximization implies that the producer will produce anything the market demands, hence any y > 0 is optimal. This condition is often referred to as the 'Non-positive profits condition', and we turn to this condition in Section 4 when we discuss the rentability of land in the fruit orchard sector.
In applications of microeconomic theory, such as computable general equilibrium models, often so-called Constant-Elasticity-of-Substitution functions are used to specify the production function f.
, which results into a per unit output cost function c( (σ-1) . In these functional forms, the parameter a i refers to the productivity of input good i in the production of the output good. A high value of this parameter implies that a unit of input good i is highly productive.
The parameter σ denotes the elasticity of substitution between each pair of input goods. This substitution elasticity parameter is assumed to be constant. If there is one percent of input good i less available in the production of a unit of the output good, then the producer should include σ percent more of another input good j to keep the output level unchanged. This paper applies the special case of σ = 0, when the production function reduces to the Leontief specification f (x 1 , ..., x n ) = min{a 1 x 1 , ..., a n x n } with appropriate unit cost function c(
(p n /a n ). This Leontief specification is the simplest specification available, leading to a linear cost function. It assumes no substitution possibilities between the input goods. The input goods are complimentary, meaning that a unit of the output good can only be produced by a fixed proportion determined by the cost minimizing amounts of each input good.
Damages in production related to the climate have two sources, the production technology itself is affected (for example, crops and fruit trees are sensitive to temperature changes) or certain inputs are degraded by climate change (for example, precipitation requires more irrigation or less productivity of a single drop of water). We follow Houba and Kremers (2008) in modeling the consequences of climate change on the economic behavior of the producer through the introduction of We refer to Kemfert (2007) and to Tol (2002a) or Tol (2002b) for the estimation of climate related damages. This paper assumes that
hence abstracting from possible climate influences on the input goods in the production function, and concentrate on the determination of d 0 .
The estimation of a cost function including climate damages.
The first column of Table 5 in Appendix A provides the annual production of apples in the Alte Land region from 1973 until 2007, which we obtained from Ellinger and Görgens (2007) . Apples are only a part of the types of fruit produced in the 'Alte Land' region. Table 1 compares the production of apples in this region, refered to as 'Niederelbe' with the production of apples in the rest of Germany, as well as with the rest of the EU15 regions and the Non-Member states (NMS). We present an overview of the production of apples (in 1000 ton) in the 27 EU mem- The second column of Table 5 in Appendix A provides a sequence of the acreage of land that is dedicated to apple orcharding in the 'Alte Land' from 1973 until 2007. Table 2 compares this acreage (in ha) dedicated to apples with that used for growing other types of fruit, taken from Görgens (2007) . It shows that the vast majority of its land is dedicated to apples. We therefore concentrate our analysis on apple orcharding. Let us assume that the production of apples can be described with a production function with only land ('L') priced at p L (in €/ha) as its input good. Then, we find the following cost function from the previous section
in the case of a Leontief technology with a productivity parameter a L (in ton per ha) for land. Using this linear production function associated with the cost function, y = a L x L , we can determine the value â L for a L using the formula,
where x L is the demand for land (in ha) in the production sector. The parameter a L can hence be determined as the productivity of land in the apple production sector. In the third column of Görgens (2007) ).
riods were obtained under the assumption that land use adjusts linearly within these periods.
We estimate the development of the productivity of land in the 'Alte Land' region over time using the following regression equation, where u t denotes a normally distributed error term. Figure 1 also provides a comparison between the estimated productivity of land and the observed productivity of land in 1000 ton per ha. We assume that the estimated productivity of land develops according to economic influences, for example following improved techniques in apple orcharding over time. The latter estimated function hence provides what we assume to be the economic development for the 'Alte Land' region. The differences between the observed productivity of land and this estimated productivity in Figure 1 , we assume to be the consequence of climate change impacts, in particular due to changes in regional minimum temperature over the blossoming season, and in mean percipitation levels.
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Rentability and the cost of climate change.
Modern land-use theory developed itself from the works of David Ricardo in Ricardo (1951-73) and von Thünen (1910) . According to Ricardo (1951-73) , land use is determined by the private production decisions of farmers, each of whom chooses a profit maximizing land-use pattern from a set of restricted production possibilities given prevailing input and output prices. Changes in land-use arise if the production possibilities available to a producer alter or if the relative profitability of available production possibilities changes. The latter will occur if input or output prices change, whereas the former may occur if planning or policy contraints tighten or relax, if technological advances change the production function(s), or if resource constraints faced by individual producers alter. Climate change has its consequences through both channels. It directly changes the production function through changes in the productivity parameter which we modeled by including a damage coefficient into the production function. On the other hand, changes in productivity of land results in changes in the cost of production, and hence on the rentability of the use of this land in the production sector. The cost of climate change can be expressed by the change in rentability of land used in the fruit orcharding sector.
Associated with each time t, we can postulate the following relationship between the price p 0,t of the output good, and the price p L,t of land:
This relation was derived in the previous section under the assumption of a production function with only land as its input good. It determines the price of the output good in each period t as a function of the price of land in t.
We determine the rentability of land in the fruit sector. Land is a production factor with alternative economic uses. Given current prices, we can list these alternative uses of land according to profitability. Following a neoclassical economic approach, the land will be used for the economic activity where it is most profitable. Then the land price p L will be set such that profits equal zero.
Allocating land to another activity would result in a loss making activity under the given price of land. Hence, the profit per unit of land is taken away completely by the height of the land price. This makes the price of land p L to be equal to the profit per ha of land.
Let us assume that land is most profitably used in the current production of apples at current market prices p 0 and p L . Then we can rewrite aforementioned equation to obtain the rentability of land in terms of the output price: estimated in the previous section. Then, rentability contains non-unit damage coefficients. Figure 3 depicts these two scenarios. The total area between these curves represents the cost of climate change in this sector.
The cost of climate change for the 'Alte Land' production sector in period t then equals the difference between total counterfactual rentability and benchmark
In Figure 3 , the first part of this formula is the difference between counterfactual This means that in each period t, Figure 4 shows the loss in tons of apples due to climate change in the 'Alte Land'.
The last figure shows that the apple production in the 'Alte Land' benefits from climate change. The increase in minimum temperature during the annual blossoming season and in mean precipitation levels according to the A1B scenario leads to productivity levels that are in general higher than what can be explained by economic or technological progress.
Conclusions
This paper computes the cost of climate change in a production sector. We referred to climate change as changes in the regional minimum temperature during the blossoming season and mean regional precipitation. The paper concentrates on apple growing in the 'Alte Land' region south of Hamburg in Germany as the example production sector. We modeled the activities in this sector using a simple linear production function with only land as an input. Economists regard the opportunity costs of choosing one alternative over another. The cost of climate change on this production sector can be calculated as the difference in (net) costs between two scenarios, a benchmark scenario that only considers the economic development regarding land productivity in the apple growing sector and a counterfactual scenario that introduces damages related to climate change.
To be able to split developments about the productivity of land in the production sector into economic developments and climate change, we introduced socalled damage coefficients associated with the usual land productivity parameters in the production and cost function of the apple growing production sector. The damage coefficients are used to introduce the climate influence into the production function and cost function. We estimate a simple damage function that relates these damage coefficients to the climate variables mean regional temperature and precipitation.
The cost of climate change are then calculated as the difference in (net) costs between a benchmark scenario where we set the damage coefficient equal to one, and a counterfactual where the damage coefficient varies with climate through a damage function. The estimation of these costs are significantly determined by the specification of the damage function and by the presumed economic development in the sector. regions could reveal more about the future economic viability of apple growing in Germany. Apple growing in the 'Alte Land' proves to remain a rentable production sector in the future. Figure 4 even shows that climate change as temperature and precipitation changes are beneficial to this sector. As was shown in the previous section, the cost of climate change relates intricately to changes in the rentability of land use in this sector following climate change. In which region will the rentability changes be so significant that land is being shifted to more rentable production sectors in the immediate surroundings. To that end, we should compare the rentability of land in the growing with the rentability of land in the other neighboring sectors. Table 5 : Annual production of apples yt, in ton, (see Ellinger and Görgens (2007) ) in the first column, fruit growing acreage xL,t, in ha, (see Görgens (2007) ) for t = 1981, 1987, 1992, 1997, 2002, 2007 , in the second column. The slanted light printed numbers in the second column are obtained by linear extrapolation of the collected non slanted numbers. The third column computes the productivity of land, aL,t, in ton per ha, from the previous two columns. The fourth column computes the fitted productivity of land, aL,t, in ton per ha, while the fifth column compares fitted with computed value to obtain a damage coefficient d0,t.
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